In vertebrates, the interferon (IFN) response is the primary form of innate antiviral 10 defense. Previously (2005), a partial cDNA which could encode an interferon-like 11 protein (IntlP) is reported in shrimp, later Rosa et al. (2008) argue that this partial 12 cDNA should encode a portion of insect mitochondrial ATP synthase (MAS) B-chain. 13 Recently (2009), it is demonstrated IntlP also possess antibacterial activity beside 14 antiviral activity reported before. Lacking of a consensus opinion to the question of 15 whether this gene encodes IntlP or MAS, we try to provide more evidences to identify 16 this gene exactly. Here we obtain the full length cDNAs of IntlP/ MAS in Litopenaeus 17 vannamei, and perform the tissue distribution and induced expression analysis. Our 18 results confirm that IntlP is coded by a mistaken ORF and the actual protein indeed is a 19 L. vannamei mitochondrial ATP synthase (LvMAS) whose function is unknown in 20 antiviral responses. 21 Keywords: shrimp interferon; mitochondrial ATP synthase; antiviral activity; 22 antibacterial activity 23 24 3
Introduction

25
Interferons (IFNs) constitute a large group of cytokines that are best known for their 26 ability to induce vertebrate cells into an antiviral state. It is also reported IFN system 27 can defense against bacterial and protozoal infection. Binding of IFNs to their receptors 28 initiates signaling that leads to a global shutdown in protein translation, cellular RNA 29 degradation and deamination and often the death of virus-infected cells. However, until 30 recently, there was no IFN cDNA of invertebrates found. In 2005 He et al. reported a 31 partial cDNA encodes an interferon-like protein (IntlP) homologue to mammalian IFN-32 α which was expressed only in the WSSV-resistant shrimp Penaeus japonicus (but not 33 in na¨ıve shrimps) and showed non-specific antiviral activity to SGIV (grouper 34 iridovirus). But later Rosa et al. (2008) argue that this partial cDNA actual encodes a 35 portion of the mitochondrial ATP synthase (MAS) which shows high identity (60-73%) 36 with insect MAS b-chain and was expressed not only in na¨ıve and WSSV-infected L. 37 vannamei but also in two wild Brazilian shrimp species. As well as He, Rosa didn't 38 obtain the full length cDNA of shrimp ATP synthase. Thus, like IntlP, it is unclear 39 whether this portion of the ATP synthase is in the right coding region of the full length This study also makes it clear that IFN system is limited in high vertebrates, while RNA 54 interference is used by nematode and insects as a main antiviral strategy. And this also 55 points an interesting question that which mechanism is used in the ancestor of high 56 vertebrate like sea urchins, amphioxus, hagfish, and lamprey and so on which lack IFN 57 system and no RNA interference pathway found. sequence that strongly matched with the MASs of other species (Fig. 1C ). 
